Proliferating cell lines of neuroblastoma express several neuronal characteristics such as process formation (Schubert et al., 1969) , neurotransmitter synthesis (Biedler et al., 1978; Pons et al., 1982) , high acetylcholinesterase and electrical activities. They lack, however, the ability to synapse between themselves (Zagon et al., 1978) and have a less complex ganglioside pattern than is found for neurons (Stoolmiller, 1973) . A number of cell surface antigens of neuroblastomas are also expressed by cells in mature brain (Casper et al., 1977) . On the other hand, foetal onconeural antigens have been described which are expressed by both neuroblastoma and foetal neural cells (Kennet & Gilbert, 1979) .
Recent immunocytochemical work in our laboratory has shown the intracellular presence of alpha-foetoprotein (AFP) and also of serum albumin (SA) in most neural crest and neural tube derivatives of developing mammals (Trojan & Uriel, 1980; Uriel et al., 1982) and birds (Moro & Uriel, 1981 ) during a transitory period of their maturation pathways. Several in vitro and in vivo (Villacampa et al., 1983; Pineiro et al., 1982; Moro et al., 1984) studies support the conclusion that the presence of AFP, and perhaps of SA, results from protein uptake as opposed to eventual in situ synthesis (Ali et al., 1983) . The ability to incorporate AFP, common to many tissues during ontogenesis may reappear in neoplastic cells 1984a) . We have tested the C-1300 neuroblastoma cell line for its potentiality to internalize AFP and SA, both in vitro and in vivo.
Ovalbumin (OA), a low molecular weight protein was used as a negative control.
Material and methods

Cells
The C-1300 uncloned cell line was routinely maintained in Eagle's medium (MEM enriched with non essential amino acids; Seromed, West Germany) containg 10% foetal calf serum (FCS) inactivated at 56°C for 30 min, penicillin and streptomycin (100U/100upgml-1). The cells were incubated at 37°C in a humidified atmosphere of 5% CO2 in air. The average population doubling time was 24 h. Cell viability was determined by trypan blue exclusion. Cultures were trypsinized before attaining confluency and replated in plastic tissue culture dishes (35 mm; Falcon) at a density of 7 x 104 cells per dish in 1.5 ml of growth medium and cultured for 48 h.
Protein preparations
Mouse AFP was isolated from a PBS-homogenate of 17 day old mouse foetuses as previously described (Hassoux et al., 1977) . Rat serum albumin was from Nordic (the Netherlands) and ovalbumin from Sigma (USA).
Flouresceinated conjugates
Mouse AFP, rat SA and OA were conjugated to fluorescein isothiocyanate (FITC) following the technique described previously . A fluorescein-lysine conjugate (FITC-lys) was prepared by coupling 1ml of 0.2ML-lysine with 0.4mg of FITC and used as a control. Nuclei were counterstained with p-phenylenediamine as described by Oriol et al. (1983) . 1251 or 131I labelling Proteins (20, jg) were labelled with 1mCi of either 1251 or 13'I by the chloramine T method (Hunter, 1978 Immunocytochemistry Anti-mouse AFP was produced in rabbits as previously described (Hassoux et al., 1977) . Rabbit antisera to rat SA and to ovalbumin (OA) were obtained from Nordic (the Netherlands). Vectastain ABC kit was purchased from Vector Lab., USA. No cross reactivity was found by immunodiffusion methods between anti-mouse AFP or anti-rat SA antibodies and calf serum proteins.
Experimental and control dishes were treated with either rabbit anti-AFP, anti-SA or anti-OA (1/200 v/v) for 45 min at room temperature and then processed by the ABC immunoperoxidase technique according to Hsu et al. (1981) . [1251]-OA were injected i.p. Three to four days after injection, mice were anaesthetized with ether and perfused at 37°C through the left ventricule with 50-60 ml of 10mM K-phosphate, 150mM NaCl and 1 mM EDTA buffer, pH 7.4. Perfusion was carried out with a peristaltic pump after section of the jugular vein before perfusion was started. Tumour and aliquots of other normal solid tissues (spleen, lung, brain, heart and liver) were rapidly dissected, washed in PBS, weighed and measured for radioactivity in a y-counter. Fragments of all organs were fixed for 3 days in cold ethanol/acetic acid (98/2; v/v) Distribution of radioactivity Table I shows the tissue distribution of [1251]-AFP after injection into tumour bearing animals. Radioactivity concentration (mean value + s.e.) in the tumour was the highest among all solid tissues examined. Tumour-to-liver radioactivity ratios were clearly positive (mean value 3.8 + 0.6) and ratios of tumour AFP content versus brain, spleen, heart and lung confirmed the significant accumulation of the protein in the tumour.
The radioactivity recovered in TCA precipitates from tissue homogenates averaged 72% for liver samples and respectively 87 and 93% for tumour and blood. Figure 3 . The localization of the tumour is clearly seen, though this black and white copy does not reproduce correctly the nuances observable in the original colour picture (see legend to Figure 3 ).
Discussion
The results presented here show that C-1300 neuroblastoma cells possess in vitro the ability to incorporate exogenous AFP, as was previously described for other neoplastic cell systems (Uriel et al., , 1984a . After grafting into syngeneic hosts, the developed tumours retained the property of AFP uptake, as did the mouse mammary carcinomas previously studied (Uriel et al., 1984b) .
We have taken advantage of this to try to use AFP as a radiotracer for neuroblastoma localization.
This study shows that rat SA, like AFP, is internalized by neuroblastoma tumour cells in vitro. In addition, the average of tumour-to-liver ratios from animals injected with ['251]-SA was even greater than that from animals receiving [125I]-AFP (Table II) . This may be related to previous observations showing that the intracellular presence of SA in the central nervous system of developing animals follows the same pattern of cell and tissue localization as does that of AFP (Mollgard et al., 1979; Toran-Allerand, 1980; Trojan & Uriel, 1979 (N) (TI1) (r 1) (c 1) (7) (9) (9) by 1) (t 1)
'Tumour-to-liver ratios were calculated by dividing nCi values in the tumour by those in the liver. subtraction. The picture presented is a black and white copy from a negative colour fi'lm. This treatment changes original colour nuances (i.e., orange background turns white), AN.ik: (Gaillard et al., 1984) . At this stage of differentiation, the intensity of staining for both AFP and SA in mouse teratocarcinoma is similar . No significant uptake could be demonstrated for OA, a low mol. wt protein (43,000) as compared to AFP (73,000). In this laboratory we have recently shown the presence of specific AFP receptors at the surface of some neoplastic cells in culture (Villacampa et al., 1984; Navel et al., 1985) . It is reasonable to advance the hypothesis that similar receptors might be expressed by C-1300 neuroblastoma cells.
The great variability observed in the individual AFP tumour-to-liver ratios (Table I ) could be due, at least in part, to the degree of differentiation associated with the presence of heterogeneous cell populations in single tumours (Bernal et al., 1983) . Previous work with primary cultures of dissociated foetal brain cells and organotypic cultures of sensory dorsal root ganglia demonstrated that AFP uptake is not displayed by undifferentiated cell precursors, but seems restricted to elements with phenotypic characteristics of maturing neurons Hajeri-Germond et al., 1983/84) . Immunocytochemical work has shown that the intracellular presence of AFP and SA during development is also associated with a certain degree of cell and tissue differentiation . Neither undifferentiated nor fully differentiated cells incorporate AFP.
As compared to monoclonal or polyclonal antibodies to tumour antigens, AFP may be used to advantage in radiotracing experiments, since this isologous protein is not expected to induce hypersensitivity reactions. On the other hand, and contrary to SA, the extremely low serum levels of AFP in adult individuals should minimize effects due to competition with endogenous protein. This makes AFP a good candidate for tumour localization by imaging techniques.
